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derived from rather similar considerations to that
explained above in connection with wind-tunnel
data and is known as Froude's law. The law is
that to get similar flow on model and full-scale the
model should be towed at a speed equal to the
full-scale speed multiplied by the square root of
the scale of the model. Thus, for a one-sixteenth
scale model of a seaplane hull travelling (full scale)
at 100 m.p.h., the correct speed for a model test

would be 100 X     I-L, i.e. 25 m.p.h.

For obvious reasons the observers cannot move
with the model on a whirling arm as they do on a
tank carriage. Hence, the forces acting on the
moving model generally have to be recorded on
stationary apparatus under the control of the
observer. The difficulties of measurement are
correspondingly increased, and special methods
have had to be devised to overcome them. On the
whirling arm at the N.P.L., which has a radius of
30 ft., and is capable of developing a tangential
speed of about 60 ft. per sec. at this radius,
electrical systems of balances and recording
apparatus have been developed, similar in many
respects to those used so successfully in the com-
pressed air tunnel where the model, though, for
other reasons, is also not accessible during a test.

A whirling arm was used by Langley to measure
roughly the forces on flat plates and on curved
surfaces such as wings. In this country the N.P.L.
whirling arm was used to calibrate the standard
pitot tube, the air pressure being measured at the
known speeds of the arm through air which was
nearly stationary.

3. Full-scale Research. The obvious method of
determining the air forces on an aeroplane is
actually to measure them in flight. This method,
however, has certain disadvantages as a means of
acquiring new data. Evidently, it is incapable of
meeting the case where a knowledge of the forces
is required for design purposes before the machine
is built, while it may well be dangerous when it
involves the testing of a new type of aircraft about
whose behaviour in the air nothing is known.
Flight testing is, therefore, not generally used to
provide new knowledge, except in special cases
where no other methods are available. Its main
usefulness is to serve as a check on other methods
of experiments, and, in fact, it is the standard by
which all such methods must ultimately be judged,
for they are obviously useless if they do not enable
reasonably accurate predictions to be made of the
actual behaviour of aircraft in flight.

A good deal of full-scale research is regularly
carried out, the chief centres in Great Britain
being the Aeroplane and Armament Experimental
Establishment at Martlesham, the Marine Aircraft
Experimental Establishment at Felixstowe, and
the Royal Aircraft Establishment at Farnborough.
The first of these is occupied mainly with the

testing of new types of service and civil aeroplanes
to find out whether their behaviour as regards
stability and controllability is satisfactory, and to
measure their performance (i.e. top speed*, rate of
climb, etc.). Some types are also tested to see
whether they are immune from spinning dangers.
At Felixstowe all kinds of problems associated
with seaplanes and flying boats are investigated on
the full scale. The broad distinction between the
work carried out at these two establishments and
at Farnborough is that the latter concentrates
more on the pure research side, while the two
former are concerned more with the behaviour of
aircraft as already built.

A few typical examples of the kind of work done
at Farnborough must suffice. By means of
specially designed instruments involving the use of
gyroscopes, it is possible to obtain records of the
way in which aeroplanes respond to measured
movements of the three controls, i.e. rudder,
elevator, and ailerons, while, simultaneously, the
forces applied to these controls are measured. A
good deal of full-scale research has also been done
at Farnborough on the spinning of aeroplanes.
Although much valuable information on this
difficult and important subject has been obtained
from model experiments, it is not possible at present
to treat it entirely by such means. Full-scale data
are essential to supplement or to confirm the model
results. During the course of such tests, when it
was desired to obtain records of the behaviour of
a certain aeroplane in a fiat spin, one pilot kept
the aeroplane in this condition while nearly forty
turns were executed. This manoeuvre, besides
being dangerous, is so contusing to the occupants
of the aeroplane that this particular pilot was
uncertain at the end of the experiment as to the
exact sequence of control movements to which he
had subjected the aeroplane. He therefore went
up again, repeated the experiment, and obtained
the information required. It may be mentioned
that in some cases it is very difficult, if not impos-
sible, to get an aeroplane out of a fully established
flat spin. The pilot then has to abandon the
machine and come down by parachute. But it is
not an easy matter to climb out of a machine
executing this manoeuvre, for it rotates so fast
that the pilot is subjected to very high centrifugal
forces. (See also Section 9.)

A full-scale investigation now in hand at the
B.A.E. is the measurement of the Tn^^n-m-mm lift
coefficient of different wing sections. Maximum
lift is of importance, as it determines the landing
speed, and, further, the nature of the flow around
a whig when it is near its maximum lift is thought
to have an important bearing on the stability and
controllability of an aeroplane using that wing
section. The problem is being simultaneously
studied in the compressed air tunnel. For the full-
scale investigation the R.A.E. have designed, and
had built, a special light aeroplane to which

107